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ABSTRACT

The present thesis investigated if variations in
cardiovascular reactivity measured during an attention

eliciting stressor improved the prediction of a child's
total reading achievement scores, above that accounted for

by classroom self regulation. From a racially and
ethnically diverse community-based sample of 129 families,
98 two-parent families with one child ages 6-8 years

participated in the second session of a 5 year longitudinal

study that examined the relationship between emotion and
physiology.

During a stroop (color matching task)

theorized

to tax the child's attentional resources, autonomic
fluctuation in Heart Rate (HR) was measured through both

Pre-Ejection Period (PEP, a sympathetic index), and High

Frequency Heart Rate Variability

(HF-HRV, a parasympathetic

index). Teacher ratings of child classroom self-regulation

was assessed using the Behavioral Assessment System for
Children-Teacher Rating Scale (BASC-TRS), with total
reading achievement scores evaluated using the Peabody

Individual Achievement Test-Revised II. The findings

supported the proposed model, with poor attentional
classroom self-regulation reflecting lower total reading

achievement. Parasympathetic autonomic activity added
unique explanatory variance to the reading achievement

outcome, above that accounted for by BASC-TRS. After the
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relationship between self regulation, vagal suppression,

and reading achievement was established, the final analysis
delineated mean differences in total reading as a function

of high, low, and mid BASC attention difficulty scores.
This study is among the first to show that a autonomic
indices

(e.g. parasympathetic activity) measured during

sustained attention can be used to predict performance
based measures of reading achievement.
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CHAPTER ONE

LITERATURE REVIEW

Introduction

Behavioral self regulation has been found to predict
emergent literacy and reading achievement

Anastopoulos, Keane,
McDonald Connor,

(Howse, Calkins,

& Shelton, 2003a; McClelland,

Farris, Jewkes,

Cameron,

& Morrison, 2007). This

relationship has emerged within both kindergarten and grade

school populations. Bell and Deater-Deckard (2007) have

argued that autonomic physiological measures can be used to
index interactions within neural systems involved in self

regulation, attention, and working memory. Several studies

have found specific autonomic profiles are associated with
better cognitive and memory performance

(Backs & Seijos,

1994; Melis & van Boxtel, 2001, 2007). However,
cardiovascular measures have not been used to index

deficits in cognitive processing for children with poor

self-regulation, nor has reading been studied within a
physiological context. This thesis is an attempt to‘ fill
this gap in the current literature.

Although the interest of this thesis is in
understanding how poor self-regulation interferes with

reading achievement, I begin by highlighting studies

ranging from kindergarten through sixth grade relating poor
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self-regulation with lower literacy and math scores.
Because physiological measures have been used to index

attention and cognitive working memory,

I- highlight the

Polyvagal Theory, Berntson's nine autonomic physiological
representations, and modes of cardiac control related to
better cognitive performance. This is followed by reviewing
the literature surrounding self-regulation,

cognitive

stress, and physiology, which reveal a consistent autonomic

profile during cognitive and executive working memory
tasks. I end by reviewing the cardiovascular measures used

in the current study.

Self-regulation, Emotion-regulation, and Academic
Achievement

One of many key factors that contribute to academic
success is how a child controls and manages their emotions
when encountering stress and frustration. The terms emotion

regulation (Eisenberg, Champion,

& Ma,

2004), self

regulation (Evans, & Rosenbaum, 2008; Howse, Calkins,
Anastopoulos, Keane,

& Shelton, 2003a), and behavioral-

regulation (McClelland et al., 2007) have been used

synonymously to refer to a child’s ability to regulate,
control, and cope with the affective and behavioral demands

of an emotional and/or stressfully taxing situation.
Emotion regulation is grounded primarily in the child’s

ability to control,

regulate, and modulate internal states
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of intense feelings to conform to physiological, social and
contextual demands.

Behavioral-regulation and self

regulation are concerned with the inhibition and control of
both overt

(e.g. not talking out of turn, following

instructions and/or affective, motivational, and goal

directed behaviors)

and covert

(e.g. cognitive processes,

physiological, including listening,

focusing, and

attentional) states. All of these regulatory processes have
been found to predict academic achievement. For example,

studies that have investigated behavioral-regulation have
found a relationship between a child’s regulatory

proficiency, and literacy, vocabulary, and math achievement
scores

(Howse, et al., 2003a; Liew, McTigue, Barrois,

&

Hughes, 2008; McClelland et al., 2007). These connections

have emerged both with direct (e.g. behavioral), and

indirect

(e.g. parent/teacher)

reports of self-regulation..

Studies which have used direct methods to assess self

regulation, have for the most part, demonstrated that

regulatory competence predicts future academic achievement.
For example, McClelland et al.,

(2007)

found that better

regulatory control in preschool predicted higher math and
reading scores in kindergarten. Similar results were found

for measures of inhibitory control in an older sample of 6

year olds for reading, but not math achievement. Liew et
al.,

(2008), measured a child’s ability to inhibit and
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control a prepotent behavior and found that better

effortful control at 1st grade predicted higher reading

scores in 3rd grade. Self-regulatory ability was also found
to contribute positively to academic self-efficacy, with
academic self-efficacy predicting math and reading
achievement. These studies demonstrate the immediate linear
path between tasks that require inhibiting, managing,

and

controlling both physical and cognitive states to early
school performance.
At the same time direct measures of behavioral

regulation have also been found to mediate the relationship

between family income and cognitive development. Evans and
Rosenbaum,

(2008), investigated self-regulatory skills at

age 4 and cognitive development at grade 5. Controlling for
cognitive ability at 15 months, child IQ at age 4, and
maternal education, they found that self regulation at age

4 predicted grade 5 Woodcock Johnson letter word and
problems solving composite scores. Similar trends were also

uncovered in a separate older sample. Evans & Rosenbaum
found that self-regulatory skills at age 9, mediated the

relationship between family income and middle school grades
in math and English at age 13. Overall, there seems to be a

robust relationship between behavioral regulation assessed
with behavioral methods and future academic achievement.
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Indirect,

Parent and teacher reports have also

demonstrated similar results. Blair and Razza

investigated inhibitory control

function),

(2007),

(a measure of executive

in combination with parent/teacher reported

effortful control when children were first in preschool,

then measured inhibitory control in kindergarten. Measures
of inhibitory control were positively correlated with math

skills in both preschool and kindergarten, where as
teacher, but not parent reports of effortful control
predicted math and vocabulary scores in kindergarten. House
and colleagues also investigated both behavioral and

teacher measures of behavioral self-regulation, and found
similar results

(Howse et al., 2003a; 2003b). Within both

studies, which spanned three age groups 4,

6, and 8,

teacher ratings of greater classroom self-regulation

predicted higher reading achievement for 4 and 8 year olds,

but not 6 year olds. At the same time, Howse et
al.,(2003b), who also used a direct

(i.e. behavioral)

measure of self-regulation, found that better regulatory
ability in kindergarten predicted higher reading
achievement scores. However, they did not find a

significant relationship between the direct measure of self

regulation and reading achievement for second graders.
Research has also shown that a child's ability to
regulate and modulate emotional states can contribute to
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long term academic success. Going one step further, Howse

et al.,
indirect

(2003a)

investigated both direct/behavioral and

(i.e. parent rated) measures of emotion

regulation, and found mixed results. When emotion

regulation was measured directly, it was uncorrelated with
all measures of achievement. Yet, parent reports of
emotion-regulation were found to be related to Wechsler

Individual Achievement Test reading and math scores.
Furthermore, teacher reports of behavioral self-regulation
mediated the relationship between parent reported emotion

regulation and Wechsler reading and math scores. Other
studies

(e.g. Graziano, Reavis, Keane,

& Calkins,

2007;

Trentacosta & Izard, 2007) have found similar connections
between emotion regulation and academic achievement.
Because all children are required to obtain some type

of formal education, it is crucial to understand what
factors contribute to long-term academic success. There are

many reasons why the inability to control and manage

emotions and overt behaviors could lead to deficits in
achievement. Bell and Deater-Deckard (2007), have argued

that autonomic physiological measures can be used to index
interactions within neural systems involved in self

regulation, attention, and working memory.

If attention,

self regulatory-control, and working memory are
interrelated, homogeneous subgroups matched on these
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variables should be marked by a consistent physiological
response during cognitive, emotional,

and attentional

tasks.
Children with poor self-regulation, as reviewed above,

have been shown to have lower reading and math achievement
scores. One reason for this relationship could be that
problems with self regulation enable less engagement during

class instructions,

less processing of class relevant

academic information, and more difficulty engaging in

assignments. These factors correspond to lower academic
achievement. There are autonomic physiological profiles

associated with better memory and cognitive performance.
However, autonomic measures have not been used to index

deficits in cognitive processing for children with poor
self-regulation. It is hypothesized that children with poor
self-regulation will show disparate autonomic profiles when
engaged in task that require focused attention,

compared to

children with better self-regulation. The remainder of this

literature review will describe the various correlates,

including attentional, neurological,

and autonomic factors

that could be contributing to poor academic outcomes for
children with deficient self-regulation. The following

section will review cardiac modes that support better
cognitive and attentional performance.
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Attention, Physiology, and Cognitive Performance
The Polyvagal Theory (Porges,1994, 1995,

2003) has

highlighted the importance of two discrete branches of the

vagus, the nucleus ambiguous
nucleus

(NA), and the dorsal motor

(DMX), which provide inhibitory input to the heart

through the parasympathetic nervous system (PNS). These two
neuroanatomically distinct systems terminate on the

sinoatrial node and serve completely different adaptive,

orienting and freezing,
attentional functions

fight or flight and/or social and

(Porges,

1995). The DMX branch, or

the vegetative vagus is part of a passive reflexive motor
system assigned to suppress cardiac activity under extreme

distress, or in the presence of perceived danger. This
freezing response is theorized to be comparable to the
primary coping responses used by amphibians and reptiles.

The NA branch, also known as the smart vagus,

is associated

with social communication, speech, facial expressions,

fight/flight,

and attention. The smart vagus is able to

withdraw vagal support to facilitate fight or flight, or
mediate heart rate deceleration to allow for social

engagement depending on the environmental demands

(Porges,

1995, 2001).

The vagal brake, facilitated through high vagal tone

provided by the mylinated vagal efferents of the NA,

is of

primary interest in the present thesis. The vagus is the
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tenth cranial nerve and is comprised of neural pathways

that project to the lungs, soft palate, pharynx, larynx,
and heart. Stimulation of the sinoatrial node and

consequential slowing of the heart is facilitated through
the right vagus which has axons that originate in the NA.

Although vagal projections from the DMX also provide

inhibitory input to the sinoatrial node, they are
nonmylinated slower C fiber neurons
Jordan,

(Jones, Wangg,

&

1998), and have mainly been theorized to facilitate

bradycardia

(Porges,

1995). The vagal projections from the

NA are mylinated fast B fiber neurons

(McAllen & Spyer,

1978), produce a respiratory rhythm, and provide a range of

adaptive social behaviors by slowing the heart.
Porges

(2003), has proposed that visceral pathways
IX, X, XI )

(i.e. cranial nerves V, VII,

comprise a social

system that organizes facial responses, head movement,
speech, and emotional communication. This cluster of nerve
fibers works to maintain homeostasis, process and respond

to environmental information,

and enable adaptive social

communication. A central feature of Porges model is that

mammals engage with and process the environment through a
vagal hierarchy, with high vagal tone and dampened heart

rate associated with orienting, external processing,
social responding, with a release of the vagal brake
facilitating aggression, response preparation, and
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and

engagement. At the one end,

increases in parasympathetic

responding theoretically help to process the external
environment, whereas, at the other end decreases in

parasympathetic responding facilitate cognitive engagement

and action. This view, that the ebb and flow between
increased and decreased vagal activity relates to

attentional processing and increased environmental
awareness, has been explored in some detail.

Several studies have investigated the relationship

between a reduction in parasympathetic activity,
and cognitive performance. Consistently,

attention,

studies have shown

that reduced vagal tone (i.e. a release of the vagal brake)
occurs during conditions that demand focused attention,

memorization, executive function, and increased mental
workload. For instance, Porges and Raskin (1969)

found

reduced vagal tone during the presentation of an auditory

stimulus. Other studies have found a drop in vagal activity
during states of cognitive engagement

(Allen & Crowell,

1989; Backs & Seljos, 1994; Banks, 1995; Jennings,
van der Molen, Somsen, Graham, & Gianaros, 2002). Reduced
parasympathetic activity has also been observed in

participants during mental arithmetic (Berntson, Cacioppo,

Binkley, Uchino, Quigley, & Fieldstone,

Cacioppo,

1994; Berntson,

& Fieldstone, 1996; Wetzel, Quigly, Morell, Eves,

& Banks, 2006), when engaged in tasks that tax both
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attentional resources and executive function (Middleton,
Sharma, Agouzoul, Sahakian,
increased mental stress

& Robbins,

1999), and during

& Genno,

(Ohsugaa, Shimonoa,

2001). Poor performance during cognitive tasks has also
been shown tolreflect an increase in vagal activity, with

better performance marked by a reduction in.parasympathetic

function (Backs & Seljos,

1994; Melis & van Boxtel, 2001,

2007) .

At the same time, higher baseline vagal tone has been
shown to facilitate a more efficient and adaptive release

of the vagal break, with higher baseline vagal tone

accompanying better attentional and cognitive processing.
For instance, Suess, Porges,

& Plude (1994), using a

measure of executive function, investigated resting vagal

tone and attentional performance in a sample of 8 to 9 year

olds, and found that children with higher baseline vagal
tone displayed better attentional performance during the
first 3 minutes of the task. Additionally,

all children had

a reduction in vagally mediated heart rate from baseline to

task, further highlighting the relationship between
attentional processing and cognitive activity.

Similar

results were also found in a sample of adult military
personnel. Hansen,

Johnsen, & Thayer (2003),

found that

participants with high resting vagal tone performed better
on a cognitive test of working memory, with all subject

11

showing baseline to task decreases in vagally mediated

heart rate similar to Suess et al.,

(1994). Yet, Morgan,

Aikins, Steffian, Coric, & Southwick,
a military sample,

(2007), who also used

found that attenuated (i.e. lower

baseline vagal tone) was associated with better performance

on a series of high stress cognitive tasks drawing upon

executive processing resources. It was however argued, that
baseline measures taken prior to tests that would determine

career advancement was not a true baseline, and could have
been a reflection of mental preparation for the upcoming

stress. Thus, such a response would be in line with Melis &

van Boxtel

(2001, 2007), who found that better performance

on a working memory attention task was accompanied by a
greater decrease in vagal tone.
Taken together, these findings lend support for Porges

(2003) , in that reduced vagal tone was a reference of

sustained attention and cognitive engagement. Additionally,
greater reduction in vagal tone was associated with

increased memory performance (Vincent, Craik,

& Furedy,

1996) , better problem solving (Melis & van Boxtel, 2001),
with poor performance marked by increased vagal activity

(Backs & Seljos, 1994) . Yet the above studies did not take
into account the sympathetic branch of the autonomic
nervous system, which has also been shown to reference

higher cognitive processing.
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Modes of Autonomic Control
The heart receives input from two opposing branches of
the autonomic nervous system, the parasympathetic branch
which lowers heart rate, and sympathetic which increases

heart rate, with, the' give and take between the two

providing a discernible heart rate pattern. A reciprocal
mode of autonomic control, in which an increase in

parasympathetic activity is accompanied by a decrease in
sympathetic activity, and vice versa, was traditionally

viewed as the prevailing autonomic influence on the heart.

Yet, as Berntson and colleagues highlighted in a series of
seminal papers, complete reciprocity with in the autonomic

branches fails to capture the full range of autonomic

influence on its effector organ (Berntson, Cacioppo,

Quigley,

1991,

&

1994). As such, a model was developed that

could account for nine separate modes of cardiac control,
which can be delineated and grouped into three autonomic

representations

(Berntson et al.,

1991,

1993a; Berntson,

Cacioppo, Quigley, & Fabro, 1994; Koizumi & Kollai, 1992).
These autonomic-bivariate modes of cardiac control break

down into reciprocal, nonreciprocal, and/or uncoupled. As
previously mentioned, a reciprocal mode can be seen when
parasympathetic activation occurs contiguously with
sympathetic inhibition, or when parasympathetic inhibition

is contiguous with sympathetic activation. A nonreciprocal
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mode is expressed by a coactivation or a coinhibition

within both branches of the ANS. Finally, uncoupled
activation occurs when one autonomic branch becomes active

and/or inhibited, while the other remains unchanged.
Psychophysiological measures allow for a real time ontask assessment of cognitive processing and engagement.

Mental workload, which takes into account the amount of
information an individual is both capable and willing to

process

(see, Gopher and Donchin,

1986), has applied

physiological measurement as a means to broaden its scope
of inquiry. The relevance of mental workload to executive

processes reflecting reading, can be seen in studies that
investigate the combination of visual scanning and working

memory (Backs,

1995,

1998; Backs, Rohdy,

Backs, Ryan, & Wilson,

& Barnard,

2005;

1994).

However, a caveat must be applied to visual scanning
as measured during mental workload, and scanning during
reading. Visual scanning during reading involves a fluid
process where the eye visually tracks a series of words,

following a standard left to right pattern. This process is

self paced, with scanning time and processing varying
between participants. Where as mental workload studies
require participants to track a moving object,

keeping a

cursor centered on the crosshair of a target. This task has
no standard left to right pattern, with the object moving
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at random intervals. Yet exploring the relationship between

autonomic responses related to various input modalities
during cognitive processing and mental stress, aids in
understanding the limits of human information processing.

With this knowledge, it becomes possible to infer how a sub

sample with various processing deficits

(e.g. difficulty

focusing and sustaining attention) might perform under

similar stress and during related tasks.
Novel tasks that tax perceptional processing resources

(e.g. visual scanning) have been found to intensify the
release of the 'vagal break, producing uncoupled

parasympathetic inhibition. Where as tasks that draw upon

cognitive processing resources

(e.g. mental arithmetic) are

contingent with a reciprocal parasympathetic
inhibition/sympathetic activation. In studies that have

explored manual tracking, uncoupled parasympathetic

inhibition has been shown to be the prevailing cardiac mode
of control

(Backs,

1995; Backs, Knowles,

Backs, et al., 2005; Backs, et al.,

& Short, 2001;

1994) , with uncoupled

parasympathetic activation (i.e. augmentation of the vagal

break) developing with practice (Backs et al.> 2001, 2005).
At the same time mental arithmetic has been found to

consistently demonstrate a reciprocal parasympathetic
inhibition/sympathetic activation (Berntson,

et al.,

1996; Wetzel, et al., 2006), with the combination of
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1994,

tracking and mental arithmetic inhibiting the

parasympathetic response, or intensifying the release of

the vagal break beyond the single math condition

(Backs,

1998). This highlights a relationship between

parasympathetic inhibition, or an intensified release of

the vagal break, and visual scanning, which tax perceptual
processing resources, and inhibited/supressed
parasympathetic activity and working memory, which draws on

cognitive response processing. When perceptual and
cognitive response processing demands are high,
parasympathetic activity is attenuated. When perceptual
demands are reduced following practice, parasympathetic

activity is increased (Backs,

2001).

Similar results have also been found during a series

of monitoring tasks. Backs and colleagues, using a high and
low difficulty auditory and visual monitoring response
task, found parasympathetic suppression and sympathetic

activation during the low difficulty auditory and visual
conditions

(Backs, et al., 2005). In the high difficulty

version, a reciprocal parasympathetic suppression and
sympathetic activation was still observed, yet similar to

Backs

(1998), the suppression of parasympathetic activity

(i.e. intensified release of the vagal break) was greater

for the visual condition. This points to parasympathetic

vagal inhibition as a key autonomic mode involved in high
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demand cognitive response processing. For instance, Melis &
van Boxtel,

(2001, 2007), found that participants who

performed better on a working memory attention task had
more suppression/inhibition of parasympathetic vagal tone

relative to poor performers. Furthermore, other studies
(e.g. Allen & Crowell,

1989; Backs & Seljos,

1994; Banks,

1995; Jennings, et al., 2002) have found a suppression of
parasympathetic activity during states of cognitive
engagement, with other studies finding reduction during

cognitive stress

(Ohsugaa, et al., 2001). Finally, Vincent,

Craik,

(1996), demonstrated that greater

& Furedy,

suppression of parasympathetic vagal tone was associated

with better memory performance.

When task demands for cognitive response processing

were increased, by adding math to visual tracking (e.g.
Backs, 1998), or increasing response processing demands

(e.g. Backs et al.,

2005), parasympathetic suppression

increased, pointing to a vagally mediated reduction in

parasympathetic cardiac activity during states that demand
higher cognitive executive processing. At the same time,

sympathetic autonomic activity is augmented during
cognitive tasks related to executive function. This

autonomic mode of control is seen both during mental
arithmetic (e.g. Backs,

1998; Berntson,

et al.,

1994,

Wetzel, et al., 2006), and during auditory and visual
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1996;

response monitoring (e.g. Backs, et al., 2005). Therefore,

theoretically, the optimal mode of cardiac control is a
reciprocally coupled parasympathetic
suppression/sympathetic activation, when a task draws upon

both perceptional and cognitive executive resources.

Inefficient neural control mediating the metabolic
response to an external stimulus, could result in variation

in the optimal physiological response to that stimulus.
This could burden the child’s level of executive
processing. Yet, poor behavioral control could also affect

the level of executive processing, and consequently the

autonomic response during the task. Whether it is
neurological, behavioral, or a combination of the two,
children who have difficulty with self regulation may show

a different response profile when presented with perceptual

and cognitive information. It could then be possible to
index disparities in academic outcomes in children with

poor self regulation by looking at their autonomic profile.
This could account for some of the deficits in academic
achievement found in children with poor self regulation.

The next section will review the literature related to

vagal control, the vagal break,

attention.
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self regulation, and

Vagal Control, Self-regulation, and the Vagal Brake
The autonomic nervous system, with efferent pathways

directing information from the central nervous system out

to peripheral organs, also contains afferent feedback loops
that funnel information back to the brain. These afferent

fibers processing sensory information are directed back to
the medulla, hypothalamus, and the prefrontal cortex,
enabling motor,

executive, and cognitive response

processing. There are differing autonomic cardiovascular

profiles that are relevant to a given stimulus
threat,

(e.g.

social, or cognitive), and the physiological

response will vary accordingly. Central to the changes in
the autonomic mode of control is the vagus, which dampens
heart rate in conjunction with environmental demands. The

polyvagal prospective

(Porges,

1995, 2003,

2007), has

denoted that the vagus promotes both social communication
and the processing of environmental information. As such,

deficient vagal regulation can lead to less then optimal
physiological response profiles present in various

behavioral and social difficulties

(Beauchaine, 2001).

When vagal efferents projecting to the SA node become
active, they facilitate a slowing of the heart. As noted

earlier in this review, this has been termed the vagal

brake, indexed as vagal tone,
at rest

a measure of vagal activity

(Porges, Doussard-Roosevelt, Portales,
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& Greenspan,

1996). Several studies have indexed baseline vagal tone as
a marker of the individuals' ability to attend to and

engage with their surroundings
Forges,

& Plude,

(Calkins, 1997; Suess,

1994), with high tone marking better

attentional reactivity (i.e. vagal suppression)

to external

stimuli. As early as the first days of life the newborn

begins to encounter various stressors. Porges

(1992), has

pointed to the functional role of the vagus, which acts in
these first days to modulate the impact of early

challenges.
There is evidence that early inefficient vagal

regulation can lead to social and cognitive difficulties.
In two studies, attenuated neonatal parasympathetic vagal

tone was related to deficits in cognitive performance. For
example, Feldmman and Eidelman (2009), who investigated

parent depression, neonatal parasympathetic vagal tone, and
cognitive growth over a five year period, found low
neonatal vagal tone and high maternal depression

corresponded to lower IQ scores at age five.

Further, they

found that children who had low neonatal vagal tone and low
maternal depression, relative to the high tone low

depression group, also had significantly lower IQ scores.
Additional support for the influence of early
parasympathetic vagal maturation and better cognitive and

social outcomes.was found by Doussard-Roosevelt and
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colleagues. Investigating the maturation of vagal output

due to increased myelination at 33 and 35 weeks gestation,

greater vagal maturation was associated with better motor
and cognitive performance at age three
Porges, Scanlon, Alemi,

& Scanlon,

(Doussard-Roosevelt,

1997), and more social

competence at age six (Doussard-Roosevelt, McClenny,
Porges,

&

2001).

Yet,

as the vagus works to modulate the body's

physiological/homeostatic needs, it also enables the
appropriate metabolic output in response to the

environment. Inefficient vagal modulation between internal

needs and external demands can tax the behavioral,

emotional, and attentional responsiveness of the child.
Bell and Deater-Deckard (2007)

have argued the development

of cognitive and emotional self regulation is contingent on
attentional control. Evidence for this emerges in the

relationship between deficient vagal modulation and poor
attentional control, with attentional control predicting
problems with self regulation and socialization. Proper

emotional self-regulation stems from physiological and
behavioral regulatory/control

(see, Porges, 1996), with the

child having limited direct influence over their initial
autonomic response. As such, the degree of vagal
suppression can index aspects of attentional, cognitive,
social,

and behavioral competence.
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As early as the first year of life vagal suppression
to attention eliciting stimuli can index temperamental and
social difficulties. For example, DeGangi, DiPetro,

Greenspan, & Porges,

(1991) found that 8 to 11 month old

infants with regulatory problems had less vagal suppression
during a cognitive task. Other studies have shown that

vagal regulation can predict long term behavioral outcomes.
In a separate longitudinal study, normal infants at 9

months demonstrating attenuated vagal suppression during an
attentional task, had more problems with anger, depression,

and less social skills at age 3 (Porges, et al., 1996). On
the other hand, better social competence has also been
found to reflect greater increases in suppression of vagal

activity. Graziano, Keane, and Calkins,

(2007),

found that

children with higher peer rated social preference scores

had greater vagal suppression over three cognitive tasks
relative to children with low peer ratings. These studies

lend support for the relationship between attentional
control, cognitive control, and temperament, with other

studies finding similar results with emotionally
dysregulated children.

Calkins and Dedmon (2000), with a sample of high risk

externalizing 2 year olds, found less vagal suppression
during a series of emotional and cognitive/working memory
tasks. These children also had problems with regulating
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their emotions. A follow up study revealed that high risk
children at age 4 had poor social skills and continued to

display problems with emotion regulation

(Calkins and

Keane, 2004). Specific to the reviewed literature is the
relationship between externalizing behaviors and attenuated
vagal suppression during tasks involving working memory and
attentional control. There is evidence to suggest this

vagal profile is specific to externalizing difficulties,

in

that children with internalizing symptoms have shown a
dissimilar autonomic response profile during cognitive
challenge

(Hastings, et al., 2008).

As previously mentioned, physiological and behavioral
regulatory/control make up emotional self-regulation. The

child has little direct means to intervene over their
innate physiology, yet can choose to elicit control over

their outward behavior. A child’s initial reaction to

stress during early development is outside of their
immediate awareness, and it is the caregiver that
facilitates the evaluation and redirection of emotions.

Redirecting emotions teaches the child that they can
regulate their behavior, producing thinking skills, higher

cognitive processing, and self regulation (Blair,

2002;

Blair & Diamond 2008). Children with poor vagal suppression
during attentional and cognitive tasks had emotional and

behavioral problems that were reflected in poor self
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regulation. This lack of vagal suppression could index
difficulty controlling attentional states. Reduced vagally

mediated heart rate has been shown to reflect better memory

performance (Vincent, et al., 1996), advantaged problem

solving (Melis & van Boxtel,
intelligence

2001) , and higher general

(Melis & van Boxtel, 2007). Thus, because

children with poor self regulation have an attenuated vagal

response during attentional and problem solving tasks, the
attenuation could reflect less engagement in the task, less
processing, and consequently lower academic achievement.

Autonomic Measures Used in the Current Study
The present thesis has referred to vagal tone as a

reference of parasympathetic autonomic activity, which acts
to decelerate heart rate (HR). Respiratory sinus arrhythmia
(RSA), is derived from a combination of respiration and HR,

with vagal tone delineated out of RSA (Berntson, Bigger,

Eckberg, Grossman, Kaufmann, Malik, Nagaraja, Porges, Saul,
Stone,

& van der Molen,

1997; Hayano,

Sakakibara, Yamada,

Yamada, Mukai, Fujinami, Yokoyama, Watanabe, & Takata,

1991; Katona & Jih, 1975). The sinoatrial (SA) node is

considered the pacemaker of the heart, which increases HR
when stimulated. When vagal efferents that project to the
SA node become active, they facilitate a slowing of the

heart. During breathing, exhalation acts to stimulate the
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vagus, facilitating the SA node HR slowing, with inhalation

decreasing vagal stimulation and increasing SA firing.
Respiration is the main component behind an index of RSA,
which is derived from a combination of HR and respiration.

As such, a true measure of RSA must also control for

variation in breathing with in subjects.
Determining vagal tone from RSA however, does not
unambiguously account for all parasympathetic activity, in

that RSA is derived from HR, which is also influenced by
the sympathetic branch of the ANS

(Randall,

1994).

Therefore a true measure of parasympathetic activity must
account for the vagal SA/HR slowing, without referencing
the sympathetic component of HR. A measure of heart rate
variability (HRV), which indexes the variation between each

pulse of the heart, derived through spectral analysis,
achieves this standard. Three frequency bands can be

delineated through spectral analysis, with the high

frequency 0.15 Hz determined through pharmacological
blockade to be a reference of parasympathetic activity
(Akselrod, Gordon, Ubel, Shannon, Barger,

& Cohen,

Akselrod, Gordon, Madwed, Snidman, Shannon,
Berger,

Saul,

1989;

& Cohen,

& Cohen, 1989; Pomeranz, Macaulay, Caudill,

Kutz, Adam, Gordon, Kilborn, Barger, Shannon, Cohen,
Benson,

1985;

1985; Saul, Berger, Chen,

Berger, Albrecht,

Stein, Chen,
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&

& Cohen, 1989; Saul,

& Cohen, 1991) .

The current study measured parasympathetic/vagally

mediated HR through spectral analysis using the high

frequency band 0.15 Hz, referred to as high frequency heart
rate variability (HF-HRV). Sympathetic activity was
measured as the onset of depolarization in the heart’s left

referenced as the Q wave on an

ventricle,

electrocardiogram, and the ejection of blood into the right

aorta, which is viewed on an impedance cardiogram as the B
wave. This process is referred to as the pre-ejection

period (Berntson et al., 1994; Schachinger, Weinbacher,
Kiss, Ritz,

& Langewitz, 2001).

The Current Study
The present study investigated the question of whether

variations in cardiovascular activity during an attention

eliciting task improved the prediction of a child’s total
reading achievement scores, above that accounted for by
teacher ratings of classroom attention. Using a community

based sample,

98 two-parent families with one child between

the ages of 6 to 8 years participated in the second time

point of a five-year longitudinal study that sought to
assess the family emotional and psychophysiological
processes associated with healthy emotional development in
children.

During a Stroop name-matching task, autonomic

fluctuations in Heart Rate

(HR) were measured through both
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Pre-Ejection Period (PEP, a sympathetic index), and High

Frequency Heart Rate Variability (HF-HRV, a parasympathetic
index). Teacher ratings of classroom attention difficulties

was assessed using the Behavioral Assessment System for
Children-Teacher Rating Scale (BASC-TRS), with total
reading achievement scores evaluated using the Peabody

Individual Achievement Test-Revised II. Hypothesis one

evaluated the assumption that higher teacher rated

attention scores would be associated with lower total
reading achievement. In step two of the linked hypotheses,
High frequency heart rate variability (HF-HRV; an index of

parasympathetic activation) measured during an attention

eliciting stressor, was further hypothesized to add to the
prediction of total reading achievement. In line with the
reviewed literature (e.g. Melis & van Boxtel,

2001, 2007)

demonstrating reduced parasympathetic activity during

sustained attention, HF-HRV is predicted to be attenuated
during the target attention task.
Given that the above hypotheses are confirmed,

a

secondary analysis will then determine the autonomic
processes underlying attention in relation to reading
comprehension. Using the sub scales of the BASC-TRS, the
sample will be divided into three

(i.e. high, low, and mid)

BASC attention difficulty groups respectively.

It is

predicted that there will be significant mean differences
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in total reading achievement as a function of group level

BASC-TRS attention rating. Specific autonomic profiles
during the attention eliciting stressor will vary by group.

The low and mid groups are hypothesized to show a
homogeneous reciprocal parasympathetic

inhibition/sympathetic activation. Differences between the

groups are theorized to be present in the degree of

autonomic activity during the target condition., with less
parasympathetic inhibition predicted for the mid relative

to the low group. The high BASC-TRS subgroup is predicted
to show uncoupled sympathetic activation, with no change in
parasympathetic activity during the attention eliciting

stressor.
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CHAPTER TWO

METHODS

Participants
The data for this study was drawn from the second time

point of the Family Health Project, a five-year
longitudinal study at the University of Washington,

by the National Institute of Mental Health

funded

(MH42484). The

primary goal of the Family Health Project study was to
examine family communication patterns and how they affect
children's emotional development during the transition to

adolescence. Participants for the five-year longitudinal
study were recruited by information sheets sent to families
through public and private schools,

flyers posted in

community settings, articles in several local newspapers in
the Puget Sound area of Washington State, presentations at

community events, and word of mouth. Married couples
expressing an interest in participating in the study were

contacted. Oral assent to participate in the screening
interviews was obtained before the telephone interviews

were conducted. Members of over 600 families called the
research project during the recruitment process. Both

mothers and fathers were individually administered a phone

screening interview that included questions about their

ethnicity, race, and the telephone version of the Marital
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Adjustment Test, a scale measuring marital satisfaction
(Krokoff,

1984; Locke & Wallace,

1959). They were also

asked questions about their own health and the health of
their child. Families were excluded from participating in
the study if either spouse or the target child reported
taking medication (e.g., beta blockers or tranquilizers) or
using medical instrumentation devices that may have

affected cardiovascular functioning. Families were also
excluded if the target child had an endocrine disease that

might influence endocrine processes

(endocrine measures

were only collected for the child). The health exclusion
steps were taken so that the effects of such illnesses,

drugs, and medical devices would not confound the.
cardiovascular and endocrine measures that were part of the
longitudinal study (these measures are not included in this

paper). Married couples were eliqible for the study if they

were either the biological parents or had been living with
the child for the last 3 years.

The sample for the 5-year longitudinal study was

constructed so there was an even distribution of marital
satisfaction scores

(i.e., a rectangular distribution of

scores as opposed to a normal distribution). This was done
in an effort to over-sample both very low and very high

levels of marital satisfaction.

Families were also

recruited in an effort to over-sample for Interracial and
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African American families because these families have
historically not been well represented in research studies.

European American, African American, and Interracial
families were matched on marital satisfaction and

neighborhood crime level statistics

(i.e., there were equal

numbers of distressed and satisfied couples representing

the different neighborhood crime levels). Neighborhood

crime level statistics were obtained through the U.S.
Economic Census, which provides crime level information by

zip code. The sample for the larger 5-year longitudinal
study was made up of 129 legally married couples with a
child in elementary school. Family members were financially
compensated for their participation in each component of
the study. All research activities were approved by the
campus Institutional Review Board for the protection of
human subj ects.

Procedures

Overview of Family Health Study Procedures
The five-year study included three time points. The

first time point of the study included two home sessions
(i.e., researchers went to the family's home), two
laboratory sessions

(marital interaction laboratory session

and peer interaction laboratory session), and mailed

questionnaires for the parents and the target child's
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teacher about the child's behavior and mental health. The

first home visit included the administration of an
achievement test to the target child. At the beginning of

the first home session, the session facilitator explained

the consent form and described the entire 5-year study to
the parents and the target child, and answered all of the

questions the family members had about the study.
Participants read and signed the consent form before

beginning any research procedures. As noted above, the
research procedures were approved by the university's

institutional review board.
The second time point repeated the two home visits
(including the achievement test during the first of those

home visits), mailed questionnaires for the target child's
teacher about the child's behavior and mental health. In

addition, the second time point included a family

interaction session in the laboratory to assess
psychophysiological indices of family interaction

processes, the child's physiological responses during a
baseline and Stroop test challenge, and the child's self
reports of mental health. Questionnaires for the parents

regarding the target child's behavior and mental health
were administered in the home during the second home visit

in time two. Time three consisted of questionnaires
administered to the family in the home, an achievement test
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for the target child during the home visit, and mailed

questionnaires for the target child's teacher about the
child's behavior and mental health. Data for this study

were drawn from the second time point,

including the family

laboratory session, the child's achievement test, and the
target child's teacher reports.

Home Session -Time Two Procedures
The first home session involved three main components:

an interview with each parent about emotions, the Peabody
Individual Achievement Test-Revised (PIAT-R), and
questionnaires that the parents filled out. As one spouse
was being interviewed, the other spouse was completing
questionnaires. If the spouses did not finish completing

the questionnaires at this first home session, they were

provided with self-addressed stamped envelopes in which to

mail the questionnaires to the researchers. The .first
section of the questionnaire packets requested demographic
information

(i.e., age, race and ethnic identity,

income,

and education), while the remainder of the questionnaire

requested information about their marriage, parenting,
work, and personality characteristics.
The target child was administered the PIATT-R while

the parents were completing their home session procedures.
The PIAT-R (Markwardt, 1998)

is an achievement test given

to the target child to assess achievement in the following
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subject areas: general information,

reading recognition,

reading comprehension, mathematics, and spelling. The child

was asked for her or his oral assent before beginning the
test. The PIAT-R usually takes one to two hours to

complete.
Teacher Questionnaires

Families in the study provided the name and school

address of their child's current teacher. A packet of

questionnaires was then mailed to each child's teacher. The
questionnaires in the packet primarily focused on
internalizing and externalizing behaviors of the target

child. Teachers were provided with a stamped and addressed
envelope to return the questionnaires to the research
project. Each teacher received a cover letter describing

the purpose of the study, the risks and benefits of
participating in the research project, and contact

information for the principal investigator. The return of
the questionnaire packets to the project office was an
indication of consent to participate in the study. A month

after the original questionnaires were mailed,

a reminder

letter and a second set of the questionnaires were sent out
to those teachers who had not already returned the

questionnaires. The teachers were monetarily compensated
for completing and mailing the questionnaires.
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Family Interaction Laboratory Session: The Family
Astronaut Training Camp
After the Home Session described above, families were

scheduled for the Family Astronaut Training Camp at the
project laboratory. A critical feature of this visit,

and

one that made the tasks novel and enjoyable for the
families, was the use of an outer space theme throughout
the session. During the Family Astronaut Session, parents

and the target child participated in a laboratory session
using a laboratory room mocked-up to look like the interior

of a space shuttle

(designed and built by The Boeing

Company, Talaris Research Institute, and Seattle Museum of
Flight). The protocol for this laboratory session was
modified from previous researchers such as Whalen, Henker,

Collins, McAuliffe, and Vaux (1979), and Porges and his
associates

(Porges,. Doussard-Roosevelt,

Portales,

& Suess,

1994). Tasks were presented to the child as components of

an astronaut training program which the child and family

were required to complete before being ready to blast-off
into outer space. The family problem solving discussion and
the parent-child teaching task were designed for this

laboratory session as a way to understand a family's
ability to communicate with each other and solve a family

issue, as well as the parents' ability to teach a novel
task to their child. Children were given NASA tee-shirts
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and encouraged to make-believe that they and their parents
were astronauts while completing their session in the space

shuttle laboratory.
First, the child and parents watched a video-recorded

description of the laboratory session/astronaut training

camp from Captain Crisco, the Director of the Space Center
(filmed at the Seattle Museum of Flight Space Station Lab
Simulator). Then the facilitator

(flight instructor)

reviewed the procedures the child was to participate in and

asked the child for oral assent. The Director of the Space
Station radioed to the lab before each segment of the
session to let the child and parents know what would take

place next

(i.e., a film clip of the actor playing the

Director was shown before each segment). After the oral

assent procedure, the child then completed computeradministered version of the child self-report measures. The
computer program included cartoons and encouraging
messages. The flight instructor read the items from the

questionnaire aloud as the child read the items silently
and selected his or her responses to the questions.

This

set of questionnaires (described below) took approximately
45 minutes to an hour to complete. While the child was
completing the questionnaires, the parents were taken to
another room in the laboratory suite to learn how to

operate the space shuttle simulator software that they
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would later teach the child during the teaching task. The

parents received standardized instructions and 45 minutes

of practice. If they completed their training before the

child finished the questionnaires, they joined the research
team in the control room of the laboratory (Mission Control

Center) and watched their child complete the questionnaire
via a video camera feed to the control room.
After the child completed the questionnaires,

research

staff applied sensors to the family members bodies in order

to collect electrocardiogram (EKG), impedance cardiography,
and respiration data. This was done to make the child feel

more comfortable about the application of the sensor. The
child's sensors were then clipped to the wires leading to

the bioamplifiers collecting the EKG, impedance, and

respiratory signals. The parents returned to the control
room to watch the next part of the session.

In the next

segment of the laboratory session the flight instructor and

the child blasted off in the space shuttle laboratory, with
the flight instructor operating the blast off operations of
the flight simulator software for the space shuttle. While

in space the child completed a series of astronaut training

procedures including, the 5-minute physiological baseline
(astronaut relaxation training exercise) and Stroop Test
(astronaut concentration training exercise)
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conditions.

Vanilla Baseline Procedure
A 5-minute astronaut relaxation training exercise
(i.e., a 'vanilla baseline'), was administered to the child
(Jennings,

Kamarck,

Stewart, Eddy and Johnson,

1992). The

vanilla baseline provides a stable baseline against which

changes in cardiovascular arousal can be evaluated. During

the vanilla baseline, study participants are asked to
observe a video screen and to count the number of times a

designated color appeared on the screen. The color of the

screen changes every 10 seconds. Six clearly
distinguishable colors are employed and presented randomly

with equal probability of occurrence.
minute baseline period,

At the end of the 5-

study participants report the

number of times their designated color was observed. To
reduce any competitive aspect of the task, study

participants are not given any incentive pay for correct
color counts, and they are not given feedback on the
correctness of their answer.

The astronaut concentration task (Stroop Task)

consisted of a 3-part computer assisted task. The first and
second segments of the task, successively prepared the
'child for the third task. The physiology from the first and

second task was used for the present study. The first task
presented a color in a box and asked the child to click on

the button that named the color that was in the box. The
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second section of the training task presented a word in a
box that named a color.

The child was required to read the

first target word in the box and choose one of two words

listed below the box that matched the word in the box. The
second task is the target attention task, with hypotheses
drawn from this condition. All of the sixty words presented

during the second segment were names of colors. In the

third task (not used in the current paper)

the child is

presented with a series of computer screens that has the

name of a color printed in a color that is not the same as
the name of the color. At the bottom of the screen are two

buttons: one has the word that is printed on the screen and
the other has the word that describes the color the word
was printed in. The child is asked to use the computer

mouse to click on the button that indicates the color the
word was printed in. Sixty words were presented for the
child's responses during the third segment.

After the Mission Control team helped the flight

instructor and child to safely land, the parents were then
also hooked up to the bioamplifiers and the parents and
their child completed a problem-solving discussion (to
insure that they can get along when they are astronauts in
space) while their interactions were videotaped and

electrocardiogram and impedance cardiography data were
collected. The family problem solving discussion was a ten
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minute videotaped discussion in which the parents and child

worked together to try to solve a problem that occurred
frequently in their family. Common topics included
mealtimes, chores, and schoolwork. Prior to the discussion,

each family member separately completed a checklist in
which he/she rated the occurrence in their family of
thirteen common areas of disagreement between parents and

children. Based on a review of these checklists, the
session facilitator helped the family select one or two

topics for discussion. The family was then given ten
minutes alone to talk about one or both of the problems and
try to work towards solutions.

The parent-child teaching task took place during the
simulated space shuttle blast off. The teaching task was a

20 minute videotaped task in which parents introduced the

simulation software and helped their child practice it,
before encouraging the child to complete the blast-off

procedures by himself/herself with their support. EKG,

impedance, and respiration data was collected for all three
members of the family. At the end of the Astronaut Training
Camp laboratory session, the family was thanked by the

Director of the Space Center (via video clip), and the

child was given a Space Shuttle Learning Lab passport with
his or her photograph. The family was briefly interviewed
to see if they had any questions and then thanked.
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Each

member of the family triad was compensated for his or her
participation in the session.

Measures and Materials

Parents' Self-Report Measures
Marital Quality. The Marital Adjustment Test (MAT;
Locke & Wallace,

1959) is used frequently in marital

research as a measure of marital satisfaction because of

its strength in distinguishing satisfied from distressed
couples

(Carrere, Buehlman, Gottman, Coan,

& Ruckstuhl,

2000). The MAT measures the level of perceived agreement
between spouses on a variety of topics including finances,
demonstrations of affection, parenting, and in-laws.

In

addition, the MAT includes questions about the emotional

closeness of the spouses and how happy they are in their
marriage. Scores on the MAT can range from 2 to 158. The

mean marital satisfaction score using the MAT for U.S.
sample is 100

(SD = 15; Locke & Wallace, 1959). Cronbach's

alpha for the MAT for the current study was .74 for

husbands and .73 for wives. The MAT was used in the current
study to select the families for the study.
Teachers' Reports
Attention problems: The Behavior Assessment System for
Children Teacher Rating Scale (BASC-TRS; Reynolds &

Kamphaus,

1992) was used in the larger longitudinal project
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to index internalizing (anxiety, depression, and

somatization scales)

and externalizing problems

(hyperactivity, aggression, and conduct problem scales) in

the children. The BASC-TRS also indexes school problems
(attention problems and learning problems)

skills

and adaptive

(adaptability, leadership, study skills, and social

skills). The BASC is a widely used well-validated measure
that taps into children's emotional and behavioral
functioning. The teacher version contains 148 items. Each
item is rated on a 4-point scale with respect to the

frequency of occurrence (never, sometimes, often, almost

always). The measure provides age- and gender-normed

standardized t scores for each broad domain
internalizing,

(externalizing,

social problems, and adaptive skills) as

well as each of the content specific scales

(e.g.,

anxiety,

aggression, etc.). BASC has well-documented internal
consistency, validity, a'nd reliability (Doyle, Ostrander,

Skare, Crosby,

& August, 1997; Reynolds & Kamphaus, 1992).

For purposes of the present study, the Attention Problem
Scale, a subscale of the BASC TRS

(Reynolds & Kamphaus,

1992), was used to measure the child's ability to focus

attention on a given situation or task. Kamphaus et al.
456,

1997)

describe this scale as, the tendency to be

easily distracted and unable to concentrate more than
momentarily .uThe scale was completed by the teachers and
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(p

included such items as,

'is easily distracted from

classwork' and 'acts without thinking'. There are 18 items
in the Attention Problems Scale and responses on the scale

rate the frequency the behavior is observed from never (0)
to almost always

(3). The teachers'

raw scores from the

subscale were totaled for use in the statistical analyses.

Physiological Measures
The following autonomic cardiovascular measures were
taken during the laboratory session:
(IBI),
and (c)

(a)

Interbeat Inverval

(b) High Frequency Heart Rate Variability (HF-HRV),

Pre-ejection Period (PEP), the time between the

onset of ventricular depolarization and onset of

ventricular ejection; a shorter PEP indicates greater SNS
activation.

In addition, respiration rate

(BR) was indexed.

Respiration is determined by measuring the time interval

between successive peaks of the respiration signal; this
measure is used to adjust for any task-related changes in

respiration that might affect RSA. These physiological
measures index both the parasympathetic and sympathetic

influence on the heart. The current study the measures and

planned analyses centered on the PNS and SNS neural control

of the heart. The EKG, respiration, and basal thoracic
impedance

(Zo)

signals were collected using a Biopac MP150

system with a 1000 Hz sampling rate. Four pairs of

disposable spot electrodes were used to measure impedance.
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Preparation for Analysis. The derivation of various
measures from the EKG raw waveform data was achieved by
using the MindWare HR/HRV application (Lozano, 2002a). This

software works directly with the Biopac native file format
and includes state-of-the-art EKG artifact detection

algorithms, but also allows visual inspection and editing

of the EKG signal. The analysis was run twice, once to

derive the IBI series for each condition in its entirety,
and again for 1-minute segments within each condition to

derive the following measures:
breaths per minute,

(a)

respiration rate

(b) the respiratory power spectrum,

power, peak frequency, and cutoff frequencies

in

(BR)

(band)

(c)

for

the Low Frequency (LF) portion of the heart rate power

spectrum,

(d) power, peak frequency, and cutoff frequencies

(band) for the HF-HRV portion of the heart rate power
spectrum,

(e) the HF-HRV value for the segment.

If the peak

frequency of the respiratory power spectrum falls outside
the HF-HRV band this indicates an abnormal breathing

pattern occurred during the segment sufficient to cause

discarding the HF-HRV data for this segment from further
analyses.

In their Committee Report on Heart Rate Variability,
Berntson et. al.

(1997)

suggest that one approach to

minimizing nonstationarity in the IBI data series is to

analyze multiple short epochs within which stationarity is
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satisfied, and to examine the dynamics of the signal by

comparing results over time (pg.

634). They also suggest

that a minimum of 10 respiratory cycles should be included
in the smallest analytical epoch, and analytical epochs of

1 min are recommended for HF variability and 2 min for LF

(or LF and HF) variability. Because of the primary interest
in HF-HRV and keeping the epoch lengths as short as
possible so that changes in HF-HRV can be assessed,

epoch

or segment length of 1 minute were used for the HF-HRV
analyses in the study. Note that Cacioppo, Berntson,
Binkley, Quigley, Uchino & Fieldstone

(1994), in a study of

autonomic cardiac control, report that the high
(respiratory)

frequency heart period variability (HF)

provided the best noninvasive index of parasympathetic

control of the heart, whereas PEP provided the best

noninvasive index of sympathetic control, and also that the
results were uniform in not supporting the use of low-

frequency variability to index sympathetic cardiac
activation or the use of the ratio as an index of the
sympathovagal balance of cardiac autonomic control when

testing healthy young individuals

(p. 596).

The Effect of Respiration on Respiratory Sinus

Arrhythmia. In the Committee Report, Berntson et.al.

(1997)

include a discussion of the possible importance of

considering respiratory parameters in the interpretation of
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HF-HRV, with some authors suggesting that the influence of

breathing on HF-HRV must be controlled or accounted for,

while others have concluded that voluntary control of

breathing does not affect heart rate variability. In the
present study, our subjects were speaking, so we had the
additional challenge of distinguishing breathing patterns
from other chest wall movements caused by talking,

laughing, arm movement, etc. The members of the committee
suggested two general approaches. One is to use respiratory
frequency and possibly depth as covariates in statistical

analysis or to remove possible contributions by regression

prior to analysis. This approach was utilized by Berntson,
Cacioppo, Binkley, Uchino, Quigley & Fieldstone

(1994), by

Cacioppo, Uchino & Berntson (1994), and again by Berntson
et.al

(1996). Berntson, Cacioppo, Binkley, Uchino, Quigley

& Fieldstone

(1994) used pharmacological blockades with a

verbal mental arithmetic task (i.e., math calculations were
spoken)

as part of a test of autonomic cardiac control.

Respiratory influences were treated as a covariate in their
analyses. Even using this conservative approach to

assessing the role of respiration in HF-HRV, they were able
to show the significant effect of the math stressor on HF-

HRV. Another suggested approach is to model the expected
respiratory contributions to heart rate variability based
on established relationships or on parametric
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investigations of the target population. This approach was
used in a study of cardiovascular and endocrine reactivity

in older females that included a public-speaking stressor
task, to ensure that observed changes in HF-HRV were not
merely secondary to alterations in respiratory frequency
during the tasks

(2001). In the present study, the results

are reported for the stress-reactivity laboratory session
with correction for respiratory effects

(both frequency and

amplitude of respiration).
Impedance Cardiography. The derivation of PEP from the

basal thoracic impedance (Zo) was achieved by using the

MindWare IMP application (Lozano, 2002b). This software
works directly with the Biopac native file format and
includes the same EKG artifact detection and editing

features as the HR/HRV application. In addition, there is a
systolic points editor for the ensemble-averaged dZ/dt
waveform. The pre-ejection period (PEP)
measuring the distance

is indexed, by

(in ms) between the onset of

ventricular activation to the onset of left-ventricular

ejection, which is the B-point in the derived impedance
signal dZ/dt. As the fiducial point for identifying the

onset of ventricular activation, the peak of the Q wave
(i.e. onset of the R wave) was used rather than the onset
of the Q wave, as the former is more universally
identifiable across subjects

(2002) . Interest in PEP
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springs largely from studies suggesting it is most heavily

influenced by sympathetic enervation of the heart

(2000).

Particularly in combination with more heavily
parasympathetically-mediated markers of cardiovascular

activity (e.g. HF-HRV), PEP can be used to partition
components of autonomic activation in a study of
cardiovascular reactivity. The PEP was derived using the

ensemble averaging technique (90)

for the same 1-minute

segments as were used for the HF-HRV analysis.
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CHAPTER THREE
RESULTS

Data Reduction

Prior to analysis, all variables were examined

separately for the accuracy of data entry and missing
values, with the assumption of univariate analysis

assessed (see, Tabachnick & Fidell,

original sample of 138 children,

2006). From the

full data for parent

education, classroom attention, reading achievement, and
physiology were available for 89 families. No significant
differences were found for children with full or missing

data on any variable. Of the 138 original sample, teacher
ratings of classroom attention difficulties

were missing data for 38

(BASC-TRS)

(27.1%) of the sample, for a

total of 102 complete cases. The father’s years of

education, which contained 127 cases, was missing data
for 13

(9.3%) of the sample. The mother’s years of

education, child age, and PIAT total reading achievement
contained 131 complete cases and was missing data for 9
(6.4%) of the sample. For the cardiovascular measures,
mean vanilla baseline heart rate was missing data for
(10.0%) of the sample, totaling 126 cases. Both HF-HRV
and PEP mean baseline measures contained 124 complete

cases, and were missing data for 11.4% of the sample.
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Finally the Stroop attention cardiovascular measures had
complete heart rate data for 122 children (12.9% had
missing heart rate data), complete HF-HRV data for 121
children,

(13.6% had missing HF-HRV data), and had

complete PEP data for 120 children (14.3% had missing PEP

data). After a filter was placed allowing only the
inclusion of complete cases the total sample consisted of
89 families.
Using Mahalanobis distance with (p < .001), no

multivariate outliers were present in the data.

Univariate outliers were assessed using a Z score greater
then ± 3.3. One case for the father’s years of school was
found to be a univariate outlier due to an extremely low

z score -3.435, p < .001. Within this sample this father

had significantly lower years of education (10 years),
compared to the next highest education level

(11 years, N

= 2), with the remainder of the sample N = 86 with 12 or
more years of school. However this case was not deleted
because it was considered a valid and important component

in assessing family characteristics.

Data Analyses

Data analyses for this thesis included the education
levels for the mothers and fathers, the teachers'

rating

of the children's attention in the classroom (BASC-TRS),
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PIAT total reading achievement scores for the children,

the vanilla baseline physiology, the first task (choosing

the word that matched the color in the box), and the

target attention task (the second task choosing a word
that matched the word presented in a box). Preliminary
analyses included calculating group means and standard

deviation for boys and girls combined (Table 1), with
Pearson’s bivariate correlation’s displayed in Table 2.
As can be seen in Table 2, PIAT total reading achievement

(r = -.289, p < .05),

and baseline HF-HRV (r = -.216, p <

.05), were both significantly and negatively correlated
with BASC-TRS. These correlation’s suggest that children
with greater problems with classroom self regulation had

lower reading achievement scores, and attenuated resting

HF-HRV. A negative yet non significant correlation (r = -

.189, p = .07) was also found between HF-HRV measured
during the target attention task (task two of the Stroop
challenge)

and PIAT total reading achievement, indicating

a small relationship between decreased vagal activity

during the attention eliciting task and PIAT total
reading scores.

Next a hierarchical regression model was estimated
to assess the association between the independent
variables and the reading achievement outcomes. Table 3

displays the unstandardized regression coefficients
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(B),

and intercept, the standardized regression coefficients
(B) , and R, R2, and adjusted R2 after entry of all six
independent variables. To control for the effect of

parent education and baseline HF-HRV on child PIAT total
reading achievement, both the mothers and fathers

education were entered in the first step of the equation,
with baseline HF-HRV entered in the second step. The main

effect of BASC-TRS was then entered in the third step,
with HF-HRV measured during the attention task entered in

the final step. Parent education in step one,
significantly predicted reading achievement scores
.119, F = (2,

(R2 =

86) - 5.793, p < .01). There was no

significant increase in the variance effect on total

reading achievement with Baseline HF-HRV entered in step
two (R2change = .001). After controlling for parental
education and baseline HF-HRV, the results supported the
hypothesis with BASC-TRS attention difficulties

significantly predicting PIAT total reading achievement
(R2 change = .046, F change = (1, 84) = 4.617, p < .05).
In step 4, it was possible to account for an additional

7% of the variants in PIAT total reading achievement, by

adding HF-HRV measured during the target attention
eliciting task to a model that already contained parent

education, baseline HF-HRV, and teacher rated classroom
attention difficulties,

(R2 change = .070, F change = (1,
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83) = 7.551, p < .01). Consistent with the hypothesis,
vagal tone was suppressed during the target attention

task, with vagal suppression negatively correlated with
the PIAT,

(partial r = - .289, p < .05),

indicating that

higher reading achievement was associated with a decrease
in vagal activity during the target attention task.

After establishing the predictive relationship
between BASC-TRS and HF-HRV during the target attention

task, a secondary analysis sought to determine if there

were significant differences in PIAT total reading
achievement as a function of level of BASC-TRS. Using the

sub scales of the BASC-TRS, three separate BASC-TRS

attention groups were created: low problems with
attention (hereafter called "low"), mid or average
problems with attention (hereafter called "mid") , and

high or at-risk problems with attention (hereafter called
"high"). The groupings were based on averaged T-scores
that ranged from 35-67 for the sample, with population
norms falling between 41 and 59

(Reynolds & Kamphaus,

1992). Children in the low subgroup made up 31.5 % of the

sample, with the mid group making up 61.8 %. The high at
risk group consisted of 6.7 % of the sample, with all

participants T-scores falling below clinical ratings of

attention deficit hyperactivity disorder. A one way
analysis of variance yielded significant mean differences
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in total reading achievement as a function of level of

BASC-TRS attention rating (F(2,

84) = 3.796, p < .05,

partial r|2 = .083). Children with high BASC-TRS attention
ratings

(indicative of lower classroom self regulation)

had significantly lower reading achievement, high BASCTRS mean = 48.33

(SO, 24.80),

(SDr 35.04), mid BASC-TRS mean = 72.25

and low BASC-TRS mean = 76.44

(SP, 20.91).

Post hoc pairwise comparisons using a Bonferroni
adjustment delineated significant mean differences

between high and low BASC-TRS attention ratings

(p =

.05), and high and mid BASC-TRS attention ratings
.05)

(p =

for total reading achievement.

Finally, to test the hypothesis that problems with
self-regulation would be associated with attenuated vagal
suppression during the target attention task, partial

correlation coefficients were computed between HR change
for the low, mid, and high BASC-TRS attention groups from

the Stroop task one to the target attention condition
(task two of the Stroop challenge; see procedures section

of Methods chapter). Task one of the Stroop challenge

asked the children to choose the button on the computer

that gave the name of the color presented in the box.
Using HR change as the dependent variable, the influence

of HR was assessed first controlling for PEP change,
followed by controlling for HF-HRV change. This analysis
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allowed for the assessment of parasympathetic and

sympathetic autonomic influences on HR during the target
task (task two). These correlations are displayed in

Table 4. All groups showed an increase in HR from task
one to the target attention task. The HR-PEP partial
correlations for the low and mid BASC-TRS groups were

positive and nonsignificant, pointing, to a reduction in

sympathetic activity during the target attention task.

The increase in HR for both the low and mid groups was
mediated through a reduction in HF-HRV, as shown by the
significant HR-HF-HRV negative partial correlation. For

the high BASC-TRS group, the increase in HR was

facilitated by shorten PEP (i.e. increased sympathetic
activity) demonstrated by the negative HR-PEP
correlation, with no change in HF-HRV, pointing to

attenuated vagal suppression from task one to the target

attention task. Figure 1 displays the relationship
between level of BASC-TRS and changes in HF-HRV from
baseline to task one,

and finally to the target attention

task (task two).
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CHAPTER FOUR
DISCUSSION

The present thesis sought to determine if variations
in cardiovascular activity measured during an attention

eliciting task improved the prediction of a child’s total
reading achievement scores, above that accounted for by
teacher ratings of classroom self-regulation.

Specific

interests focused on examining if difficulty controlling
classroom behavior, or poor attentional self-regulation,
would be reflected in lower reading achievement.
Furthermore, because the vagus promotes adaptive processing

of environmental information (e.g. Porges, 2007), has been
demonstrated to reference attentional fluency (Middleton et
al.,

1999), better cognitive performance

(Melis & van

Boxtel, 2001, 2007), and has been shown to delineate

between externalizing difficulties (Calkins and Dedmon,

1999); a measure of vagally mediated parasympathetic

autonomic activity was examined to assess the relationship
between a child’s attentional self-regulatory proficiency,
and vagal activity during attentional processing.

In line with the reviewed literature (e.g. Howse, et
al., 2003a; Liew, et al., 2008; McClelland et al., 2007),

the present study found that children with greater

classroom regulatory deficits had lower reading achievement
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scores. This relationship remained significant after

controlling for parental education. Next,

consistent with

the hypothesis, parasympathetic vagally mediated heart rate
measured during an attention eliciting task,

added unique

explanatory variance to reading achievement, above parental
education and teacher rated classroom self-regulation.

Furthermore,

after controlling for baseline parasympathetic

vagal tone, parasympathetic autonomic activity accounted

for more variance in PIAT reading achievement, above
teacher ratings of classroom attentional self-regulation.

These findings are among the first to show that autonomic
indices

(e.g. parasympathetic activity) measured during

sustained attention can be used to predict reading
achievement.
After determining that greater problems with classroom
self-regulation were negatively correlated with reading
achievement, and increased suppression of parasympathetic

activity (i.e. a heightened release of the vagal brake) was
associated with better reading performance, a secondary

analysis determine the autonomic processes underlying

attention in relation to reading achievement. By dividing
the sample into three (i.e. "high" at-risk,

"low", and

"mid" or average) BASC attention difficulty groups, the
findings showed that there were significant mean

differences,

lower total reading achievement for children
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with greater problems with classroom self-regulation,

relative to children with low and mid regulatory

difficulties. Although children in the low group had higher
reading scores overall, differences between the low and mid

group were not statistically significant.
Specific autonomic profiles during the target

attention-eliciting task varied by group. It was

hypothesized that the low and mid groups would show a
homogeneous reciprocal parasympathetic

inhibition/sympathetic activation during the target

attention condition. This was partially supported, with
children in the low group demonstrating a nonreciprocal
coinhibition,

a decrease in both parasympathetic and

sympathetic activity from task one of the Stroop challenge

to the target attention task (task two). The mid group
showed a similar autonomic profile. As can be seen in Table

4, the partial correlation coefficient indicates that for

the low and mid subgroups, the increase in heart rate from
task one to the target attention condition was mediated

through a reduction in parasympathetic autonomic activity.
It was further predicted that the high BASC-TRS

subgroup would show uncoupled sympathetic activation, with

no change in parasympathetic activity during the target

attention eliciting task. This was partially supported. As
can be seen in Table 4, the increase in heart rate for
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children in the high group was facilitated through a small

reciprocal response, parasympathetic inhibition occurring

contiguously with sympathetic activation. Yet, consistent
with the hypothesis, Figure 1 shows that children in the
high group had relatively no change in parasympathetic
activity from task one to the target attention task, in

line with the proposed relationship between poor self

regulation, difficulty releasing the vagal brake, and lower
reading scores.

Parasympathetic Vagal Activity and the Target
Attention Task

Both the low and mid BASC-TRS subgroups showed
parasympathetic inhibition during the target attention

task, consistent with other studies demonstrating reduced
parasympathetic activity during tasks requiring sustained

attention (e.g. Middleton et al., 1999; Suess et al.,
1994) . The increase in heart rate resulting from

parasympathetic vagal suppression from task one to the

target attention task varied based on the level of BASC-TRS

attention rating. Although it was predicted that the low
group would show greater parasympathetic suppression
relative to the mid BASC-TRS subgroup, the partial
correlation coefficients in Table 4 suggests that the
increase in heart rate for the mid group was a result of

greater parasympathetic suppression relative to the low
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BASC subgroup. The attenuation in the degree of
parasympathetic inhibition found for the low relative to

the mid group could be reflecting better attentional
proficiency during the task. For example, Backs and
colleagues have shown that novel tasks taxing perceptional

processing resources produce uncoupled parasympathetic

inhibition, with greater parasympathetic activation
developing with practice (Backs et al., 2001, 2005). As
attentional processing fluency is increased,

parasympathetic vagal activity, or augmentation of the

vagal brake is increased. Therefore,

if the low BASC

subgroup had less difficulty focusing during the target

attention task, less vagal inhibition would be observed.
At the same time the greater parasympathetic

inhibition (i.e. heightened release of the vagal brake)

found for the mid relative to the low group could reflect
difficulty focusing and sustaining attention during the

target attention task. Backs,

(1998), found that adding

tracking to mental arithmetic inhibited the parasympathetic

response, or intensified the release of the vagal brake.
Because attentional resources are divided between cognitive

and visual modalities, adding math to visual tracking
increases cognitive response processing demands, as it
increases the difficulty of visual response processing. As

such, the body adapts by overcompensating and inhibiting
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parasympathetic activity to enable the individual to engage
with the increased processing demands of the task. Although

the task for the present study only taxed the visual
modality, it required the child to focus attention to match
the target words. Poor attentional self-regulation will

interfere with the child’s ability to focus, taxing visual
processing fluency. As such, the increased inhibition of
parasympathetic activity found for the mid group during the

target attention task, could be reflecting greater mental
effort to enable the child to focus during the task.
However,

as can be seen in Figure 1, the high BASC

group had the lowest amount of parasympathetic inhibition
during the target attention task. This was in line with the

hypothesis, that poor attentional self-regulation would
enable less focus and engagement in the task, which would
reflect less parasympathetic inhibition. Aside from Suess

et al.,

(1994), there are few studies that have exclusively

investigated variations in autonomic parasympathetic
activity during attentional processing. The majority of

studies

(e.g. Melis & van Boxtel, 2001,

2007; Middleton et

al., 1999) have examined the relationship between cognitive

processing and parasympathetic suppression, demonstrating

that better performance is associated with greater
parasympathetic inhibition, or an amplified release of the
vagal brake. The lack of parasympathetic inhibition present
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during the target attention task,

is likely the same

autonomic response that occurs during cognitive task such
as reading. Therefore, less parasympathetic inhibition

during an attentional task could reflect less suppression

during reading, and consequently lower reading scores.
Variation in the degree of parasympathetic inhibition

between the low, mid, and high BASC-TRS subgroups,

could

reflect a dose response based on the child’s level of

attentional self-regulation. That is,

for children with

high attentional self-regulation, less parasympathetic
inhibition is needed to engage in the task. As self
regulation is attenuated, children with less attentional
regulatory ability must compensate by increasing
parasympathetic inhibition to enable adaptive attentional

engagement. At the extreme ends of attentional dys-

regulation, children with the greatest problems controlling
and focusing attention will have difficulty engaging the

proper autonomic response during the task, demonstrated by
an attenuated release of the vagal brake.

Sympathetic Autonomic Activity and the Target
Attention Task

As noted earlier, novel tasks which tax perceptional
processing resources facilitate uncoupled parasympathetic

suppression (Backs, 1995; Backs, et al., 2001; Backs,
al., 2005). Increasing cognitive response processing
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et

demands has been shown to increase parasympathetic

suppression (e.g. Backs et al., 2005), with mental

arithmetic consistently shown to increase sympathetic
activity (Berntson et al.,

1994; Berntson et al.,

1996;

Wetzel, et al., 2006). As such, theoretically, the optimal
mode of cardiac control is a reciprocally coupled
parasympathetic inhibition/sympathetic activation, when a

task draws upon both perceptional and cognitive executive
resources.
Better readers, children with low classroom self-

regulatory problems, were hypothesized to show this

autonomic profile during the target attention task. Yet,
because this task primarily taxed perceptional processing

resources, which is associated with uncoupled
parasympathetic suppression,

children who were better able

to sustain attention would be more likely to show increased
parasympathetic inhibition. The lack of sympathetic
activity found in the low, mid, and high group as seen in

Table 4, could reflect that the target attention task did

not tax cognitive response processing resources.

Limitations

To our knowledge, this is the first study to use a
word matching task to index sustained attention, making it
unclear whether the task actually measured attention,
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reading fluency, or a combination of both. Because the
target attention task required children to match words,

reading was an integral part of the task. However, the
words used for the matching task (e.g. red, blue,

and

green) were well below the child’s grade level, and likely

did not burdened cognitive processing resources. This is

evidenced by the fact that sympathetic autonomic activity
was not increased during the target attention task.

It is

possible that the child's reading fluency did influence
parasympathetic activity, accounting for some of the

predictive value in reading achievement. A further

limitation is that aside from the word matching task, this
study did not directly measure autonomic reactivity and

reading achievement.

Future Directions
To draw a more definitive relationship between
parasympathetic vagal activity during attentional

processing and its predictive value in determining reading

and/or academic achievement, this study must be replicated

and expanded upon. A more traditional measure of sustained

attention such as the continuous performance task used by

Suess et al.,

(1994), might provide a stronger link between

attention, parasympathetic vagal tone, and reading
achievement.

Future work should also investigate reading
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comprehension and achievement directly, by measuring

autonomic reactivity as the child is engaged in a reading
task. This would allow for the assessment of sympathetic

autonomic activity during reading, which the current study

was unable to account for. The author is currently

examining attentional self-regulation in the college
environment, and measuring autonomic processes during

reading comprehension to address some of these questions.

Finally, the proposed dose relationship between the level
of attentional self-regulation and the degree of
parasympathetic vagal inhibition during sustained attention

deserves further examination. Future studies should examine

differing levels of attentional self-regulation, perhaps
looking into differences between normal and clinical
populations with Attention Deficit Hyperactivity Disorder
with and without an inattentive sub type.

Conclusion

This thesis adds to the growing body of research
demonstrating that better behavioral self-regulation leads

to higher academic achievement. Moreover,

the present study

has gone a step further by delineating between neurological
differences in autonomic reactivity during sustained

attention based upon a child's level of classroom self
regulation. These findings are among the first to show that
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autonomic indices

(e.g. parasympathetic activity) measured

during sustained attention can be used to predict reading
achievement. A more comprehensive psychobiological

understanding of self-regulatory processes, will allow
researchers to develop better interventions and strategies

to work with children with behavioral and social

difficulties. It is the author's hope that this study will
be one link in the chain that leads to better academic

outcomes for children with behavioral, social, and
attentional problems leading to lower academic achievement.
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APPENDIX A
TABLE 1
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Table 1. Means and Standard Deviations for Boys and Girls

Variables

M

SD

Husband education
14.58 (1.33)
Wife education
14.72 (1.05)
Child age
9.83 (0.88)
BASC-TRS
45.83 (7.70)
Total Reading achievement
75.39 (24.91)
'
83.39 (10.48)
Baseline HR
Baseline HF-HRV
7.08 (1.12)
99.22 (7.75)
Baseline PEP
Attention Condition HR
81.49 (11.02)
Attention Condition HF-HRV
6.96 (1.30)
Attention Condition PEP
98.91 (7.63)
NOTE: BASC-TRS= Behavioral Assessment System for ChildrenTeacher Rating Scale, Total Reading achievement = Peabody
Individual Achievement Test-Revised II.
HF-HRV = high-frequency heart period,
PEP = Pre-Ejection Period
Attention condition = target attention condition,
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APPENDIX B

TABLE 2
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Table 2. Persons Bi-variate Correlations
Variable
1
2
3
4
5
—
1. Husband education
—
2. Wife education
**
.572
—
3. Baseline HF-HRV
-.046 -.188
—
4. BASC-TRS
*
-.220
-.206 -.216
*
5. Attention Condition -.021 -.196
**
.817
-.137 HF-HRV
6. Total reading
*
.268
**
.331
-.026 -.289
.187
**
Achievement
NOTE: HF-HRV = high-frequency heart period, BASC-TRS=
Behavioral Assessment System for Children-Teacher Rating
Scale
Attention condition = target attention condition,
*p < .05 ** p < .01, 2-tailed significance.
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APPENDIX C
TABLE 3
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Table 3. Summary of Hierarchical Regression Analysis for
Reading Achievement

Variables
Block 1 (R2 = .119)
Husband Education
Wife Education

2.152
4.639

.115
.196

Block 2 (R2 change = .001)
Vanilla Baseline HF-HRV

7.681

.347 *

-.686

-.212 *

Block 2 (R2 change = .046)
BASC-TRS

B

ft

Block 3 (R2 change = .070)
-8.816
-.461 **
Attention Condition HF-HRV
Final model:
R2 = .236
Adj R2 = .189
R. = 48
NOTE HF-HRV = high-frequency heart period variability
a. B, and ft are from the final model with all six
independent variables in the equation.
*p < .05 ** p < .01.
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APPENDIX D
TABLE 4
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Table 4. Partial Correlations between Changes in Heart Rate
and Changes in PEP and RSA From Task One to the
Target Attention Condition
PEP controlling for HF-HRV
HF-HRV controlling for PEP
______ Low_____ Mid_______ High_______ Low_____ Mid____ High_____
.099
.170______ -.208
*
-.381
-.569 -.089______
NOTE: HF-HRV = high-frequency heart rate variability, PEP =
pre-ejection period. Low, Mid, and High = cut off T scores
for the BASC-TRS attention sub scale.
*p < .05 ** p < .01
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APPENDIX E
FIGURE 1
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Note: BL = baseline, Cl= condition one of the training
task, TC = condition two target condition
Low = no problems with classroom self-regulation,
Mid = mild level of problems with classroom self-regulation
High = high level of problems with classroom self
regulation
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